We evaluated dilation technique (n=80) and aortic valve morphology by two-dimensional echocardiography (n = 58) in patients with congenital aortic valve stenosis to determine their influence on outcome. Patients' age (9 ± 9 years; range, 1 day-39 years) and a history of surgical valvotomy did not influence outcome. The number of dilating balloons (one vs. two) and balloon:annulus ratio based on the largest balloon used in each case (97±12%; range, 71-133%) did not demonstrably influence the percent reduction in valvar gradient. In contrast, with a balloon:annulus ratio greater than 100%, the incidence (26%) of significant, dilationinduced aortic regurgitation was higher than occurred when the ratio was equal to or less than 100% (11% 
We evaluated dilation technique (n=80) and aortic valve morphology by two-dimensional echocardiography (n = 58) in patients with congenital aortic valve stenosis to determine their influence on outcome. Patients' age (9 ± 9 years; range, 1 day-39 years) and a history of surgical valvotomy did not influence outcome. The number of dilating balloons (one vs. two) and balloon:annulus ratio based on the largest balloon used in each case (97±12%; range, 71-133%) did not demonstrably influence the percent reduction in valvar gradient. In contrast, with a balloon:annulus ratio greater than 100%, the incidence (26%) of significant, dilationinduced aortic regurgitation was higher than occurred when the ratio was equal to or less than 100% (11%). Fifty bicommissural and eight unicommissural valves were identified echocardiographically. Relief of obstruction was associated with apparent commissural division in 24 of In addition, we have found it useful to use an Amplatz extrastiff exchange guide wire (Cook, Bloomington, Indiana) to stabilize balloons at the annulus during dilation and to use additional catheters for monitoring systemic (contralateral femoral artery) and left ventricular (through a patent foramen ovale, when present) pressure. We performed dilation retrograde from a percutaneous femoral approach in 74 patients. In three neonates, dilation was performed through the umbilical artery; in three older patients, it was performed through an antegrade-transeptal approach. The initial balloon catheter was selected to yield a ratio of balloon diameter to annulus diameter (BAR) of 90-100%. The annulus diameters used for calculations of BAR were determined from cineangiograms. When a percent reduction of peak-to-peak pressure gradient (PRG) of less than 50% resulted from the initial dilation or no valve waist was seen, larger balloon sizes were then used. We attempted to avoid the use of a BAR greater than 110%.6 When a sufficiently large balloon was either unavailable or could not be stabilized across the valve, a double-balloon retrograde (two arteries) approach was used (n = 10), with balloon diameter estimated as for a single, circular balloon by calculation from the perimeter of the valve annulus subtended by two balloons. 8 
Evaluation of Catheterization Data
Before-and after-dilation peak-to-peak gradients, PRG, and AR grade were determined in all cases. The ...-FIGURE 1. In the parasternal, short-axis view, we performed sweeps of the aortic annulus and valve in motion to define the number and site of fused commissures. A fused commissure was not seen to separate at the level of the annulus and generally appeared as a dense "line" radially positioned between conjoined cusps. Major fusion was present when more than 50o of a commissure did not separate. A unicommissural valve had major fusion of one commissure and a minor degree of fusion of another10 (Figures 1 and 2) .
In a parasternal, long-axis view, we assessed aortic valve thickness and mobility qualitatively ( Figure  3 ). A thick valve had leaflets whose thickness appeared equal to or greater than the width of the ascending aortic wall (Figure 4 , bottom panels). A thin valve was thinner ( Figure 4, top domed ( Figure 4 , left panels), while stiff valves ( Figure 4 , bottom right panel) moved in a "boardlike" fashion without doming. In some cases, there was uneven distribution of these parameters between cusps, and such valves were classified as asymmetrical ( Figure 4 , top right panel).
After balloon dilation, we attempted to determine both the means and site of stenosis relief.
Complications and Follow-up
We prospectively evaluated local vascular problems, arrhythmia, and need for urgent surgery.
--_ 
*n=56 before; n =47 after; tpatients older than 1 month; tincludes 11 patients with 0% reduction in valvar gradient. (Table 3 ). In one unusual bicommissural valve, however, there was dense thickening of the edges of the cusps while the "body" was thin, and in this case attempted dilation was unsuccessful (PRG, 35%). 1±0.9 PRG, percent reduction in gradient; IAR, increase in aortic regurgitation grade; R/L, major fusion between right and left coronary cusps; RIN, major fusion between right and noncoronary cusps; BAR, balloon:annulus ratio; ( ), neonates included; *combined PRG thick, pliant and thick, stiff and asymmetrical (53 ± 12%); combined PRG thick, pliant and thick, stiff (51 ± 12%). Means ofstenosis relief. We examined the site of stenosis relief in 55% of those studied before dilation. In 24 of 32 patients, there was separation of a fused commissure by the division of either the site of major fusion (n = 14; PRG, 65 ±24%), giving the valve a "tricommissural" appearance, or of the site of minor fusion (n = 10; PRG, 60 ± 11%), increasing the orifice ofthe bicommissural valve. In six patients, no definite difference could be appreciated (PRG, 52+13%). Although the PRG of this subgroup was lower, it was not significantly different from the former groups. Of the four patients with serious increases in AR after dilation, one had partial disruption of the left coronary cusp from the annulus, one had a cusp perforation and tear, and inadequate image quality prevented echocardiographic evaluation in the other two.
Correlations between echocardiographic and surgical findings. Intraoperative observations were available in three patients. In one, a laceration of the anterior mitral valve leaflet during dilation necessitated surgery, at which time a bicommissural aortic valve had the appearance predicted by twodimensional echocardiography, and the dilationinduced division of a minor site of commissural fusion could not be improved surgically. In another patient, a "failed" dilation prompted surgery Pulse loss. Thirty percent of patients had temporary or permanent pulse loss. The incidence of pulse loss in infants less than 2 years old (60%) was greater than in older patients (15%) (p>0.05). In 10% of all dilations, there was permanent pulse loss despite the routine use of anticoagulants-fibrinolytics. 14 Arrhythmia. Left bundle branch block was noted during 17% of cases. In all but one instance, this resolved by hospital discharge. Transient, nonsustained ventricular ectopy was often noted. Three patients (4%) had ventricular arrhythmias that required cardioversion; two of the patients were less than 2 years old. All were successfully resuscitated.
Anatomic complications and surgery. In a 4-yearold boy, the anterior mitral valve leaflet was damaged after inflation of the balloon within the ventricle and with a posterior wire position. Moderate mitral regurgitation, so far not requiring surgery, resulted. Surgery related to the procedure was required in four patients within the 1st week after dilation. In a 14-year-old boy, a 20-mm balloon separated from the catheter shaft in the ascending aorta before dilation and was successfully removed at surgery. A 9-year-old boy suffered a laceration of the anterior mitral valve leaflet after dilation performed antegrade-transeptally. The mitral valve was successfully repaired 2 days later at surgery. One neonate with a unicommissural valve and hypoplastic left ventricle, in whom severe AR was produced with a BAR of 120%, underwent surgical repair of avulsion of the attachment of the right and noncoronary cusps from the annulus. At the conclusion of the procedure, a Norwood I procedure was performed. The patient did not survive surgery. Finally, a 2-month-old infant, early in the series, suffered rupture of the femoral artery, requiring surgical repair later the same day.
Death. There were three deaths in the series (4%), all in neonates who presented in the 1 st week of life. One has been described above. Another died from sepsis 2 days after a prolonged and unsuccessful attempt at dilation had been performed through the umbilical artery. Another neonate died after persistent metabolic acidosis (preceding dilation) and induction of moderate AR with little gradient relief after perforation of the anterior portion of the valve by a guide wire and subsequent dilation of the valve cusp rather than the orifice (as described above). Discussion
Balloon dilation of congenital aortic valve stenosis is a relatively effective means of palliation in our experience and carries a low risk of serious complications in most patients. We achieved a mean PRG of 55% and after-dilation valve area of 0.79 cm2/m2; in 65% ofpatients, the gradient after dilation was less than 35 A BAR greater than 100% was the only technical factor that significantly affected outcome, with larger balloons being associated with more AR. These findings are consistent both with our experimental animal work6 and with some published clinical experience with newborn critical aortic stenosisl6 reporting damage to the-left ventricular outflow tract and aortic valve with oversized balloons. Surprisingly, the BAR in the range of this study did not influence PRG in contrast to our results from many other models and congenital lesions,12 13, [20] [21] [22] [23] [24] [25] [26] in which progressively increasing balloon sizes were also used. Relief of obstruction was mostly associated with recognizable commissural division. Some limited two-dimensional echocardiographic evaluation in patients after pulmonary valve dilation3' and some intraoperative and postmortem studies in acquired aortic32,33 and mitral34,35 stenosis suggest that separation of fused commissures, in the absence of overlarge balloons, can be a means of stenosis relief. In contrast to our findings in congenital aortic stenosis in children, however, in adults with acquired calcific aortic stenosis, disruption of calcium deposits appears to be a major means of relieving obstruction.32,33 AR is the complication of dilation that most frequently causes concern. Immediately after dilation, when predilation candidates with no or mild AR are chosen, it is unlikely for a significant change in AR grade (64/75 with no more than a 1/5 increase in AR grade) to occur. However, in four patients, increases of more than three of five grades in AR were produced. Three had unicommissural valves, and in one of these, a large BAR was used. It appears that the risks of AR in a unicommissural valve may be increased, particularly in older patients in whom the presence of thick valve tissue and undeveloped commissures may predispose to valve tears rather than commissural division. This contrasts with the soft and "lumpy" valves of neonates,36 which may present a better substrate for commissural division or stretching of the orifice. Soft neonatal valves, however, may also be more prone to wire perforation, which when unrecog-nized and followed by dilation can have disastrous consequences. Although these observations are based only on the unfavorable course of a few patients, the increased risks of producing AR in unicommissural valves have been previously recognized in the surgical literature. 29 In one infant with a pliant, thick bicommissural valve, who had had previous surgical valvotomy and in whom a BAR 107% was used, significant AR was produced by a partial separation of the left coronary cusp from the annulus.
Long-term evaluation of our patients will provide a better basis for comparison with the surgical alternatives. Despite carrying a mortality of less than 2% outside the neonatal period,37 surgery remains a palliative procedure with risks of significant after-surgery AR,36-39 inadequate stenosis relief, and need for reoperation. In patients who have undergone surgical valvotomy, there are reoperation rates of up to 40% at 10 years36,38-41 and a disturbing risk of late death of up to 22%.36,38 The immediate results of dilation are, so far, similar. Follow-up of our patients is limited, and the data are complicated by the heterogeneous techniques (Doppler and echocardiography vs. catheterization) used for evaluation of gradient and regurgitation. In particular, Doppler has not been specifically validated after balloon valvuloplasty, although there appears to be no reason to believe those data would differ from existing validation.42 Nevertheless, there seems to be no evidence of significant restenosis at short-term follow-up, with little change in the overall AR grade. The increase in AR noted at 2-year follow-up in one patient, however, emphasizes the need for careful follow-up.
These results suggest that valve morphology is a significant determinant of outcome after balloon dilation of congenital aortic stenosis. Patients with a unicommissural valve may be at increased risk of developing significant AR, while those with thick valves may have a less satisfactory PRG. The avoidance of a BAR greater than 100% will minimize chances of major increases in AR. While these factors are not, at present, contraindications to an attempt at dilation, they should assist in the riskbenefit assessment of individual procedures.
